Background: Astragali Radix has long been used to improve immune function in traditional Chinese medicine. However, its main active
Introduction
Astragali Radix is the dried root of Astragalus membranaceus Bunge. It is one of the oldest and most frequently used crude drugs for oriental medicine in China, Korea, Japan and other Asian countries. Astragali Radix is a qi supplement drug in traditional Chinese medicine (TCM) and has many effects such as lifting the sunken yang, enhancing the defensive energy and superficial resistance, promoting pus discharge and tissue regeneration, and inducing diuresis to cure edema (Kim et To gain insight into the role of TFA in modulating the immune response and the potential mechanism, in this study, the in vivo Immunomodulatory and anti-inflammatory activities of TFA were assessed by measuring macrophage phagocytic index, delayed type hypersensitivity, serum hemolysin level and immune organ index in mice, ear edema test in mice, paw edema test in rats, vascular permeability test in mice and granuloma test in rats. The in vitro Immunomodulatory and anti-inflammatory activities of TFA were assessed by examining its effect on cytokine and mediator production in un-stimulated and LPS-stimulated murine RAW 264.7 macrophages. 
Materials and Methods

Reagents
Extraction, Purification and Identify of TFA
The dried roots of Astragalus membranaceus Bunge were collected from Jilin, China, in September 2012. This plant was identified macroscopically and microscopically according to the Pharmacopoeia of China, and the voucher specimen (no. 120922) was deposited at the Herbarium of Yanbian Unviersity (Yanji, Jilin, China). TFA was provided by Shanghai Yuanye Biotechnology Co. (Shanghai, China). Briefly, the dried roots of Astragalus membranaceus Bunge were sliced and macerated in 95% ethanol and then extracted. The ethanol extraction was repeated 3-4 times and the pooled extract then was concentrated to a specific gravity of 1.35 by evaporation. The concentrated solution was extracted with ethyl acetate. The concentrated ethyl acetate extract was further separated by silica gel columns. The main chemical components of TFA were identified by ultraviolet spectrum, nuclear magnetic resonance, and mass spectra. It was defined that TFA contained six main 
Immunomodulatory Effects of TFA in Vivo
Determination of Macrophage Phagocytic Index in Mice. The phagocytic activity of macrophage was performed by carbon-clearance test in mice. Mice were randomly divided into six groups (n=10): normal group, model group, TFA groups (at doses of 25, 50 and 100mg/kg, respectively), and positive treatment group. Mice from TFA groups were administered intragastrically with TFA at 25, 50 and 100 mg/kg in 0.5% Sodium Tvlose once per day for 7 days consecutively. Mice from normal group were administered intragastrically with 0.5% Sodium Tvlose.
Mice from positive treatment group were given intragastrically with Levamisole hydrochloride at 30 mg/kg. On days 2, 4 and 6, mice were injected intraperitoneally with CTX at 40 mg/kg (excepting for normal group). At 1 h after the last administration, mice were injected via caudal vein with diluted India ink (10ml/kg), 20 µl of blood was collected from tail of each mouse at 2 min and 10 min after injection, and added into 2 ml of Na 2 CO 3 solution (1 mg/ml), mixed and the absorbance was measured at 650 nm on a microplate reader. 
Determination of Serum Hemolysin Level in Mice.
Mice grouping and experimental design were the same as above. On day 3 of drug administration, mice were injected intraperitoneally with 0.2 ml of 2% SRBC. At 24 h after the last administration, blood was drawn from the brachial plexus, serum was obtained by centrifugation and diluted 100 × . 1 ml of mouse serum, 0.5 ml of 10% SRBC, 0.5 ml of 10% complement were mixed, then kept in water bath for 30 min at 37°C and terminated the reaction in ice bath. After centrifugated, the supernatant was collected and the absorbance was measured at 540 nm on a microplate reader.
Determination of Immune Organ Index. Mice grouping and experimental design were the same as above. On 7 day of drug administration, the mice were weighed and killed by cervical dislocation. The thymus and spleen were excised and weighed. The thymus and spleen indices were calculated as: thymus or spleen index (mg/g)=weight of thymus or spleen/body weight.
Anti-inflammatory Effects of TFA in Vivo
Assessment of Dimethylbenzene-induced Ear Edema in Mice. Mice were randomly divided into five groups (n=10): control group, TFA groups (at doses of 25, 50 and 100 mg/kg, respectively), and positive group. Mice from TFA groups were administered intragastrically with TFA at 25, 50 and 100 mg/kg in 0.5% Sodium Tvlose once per day for 5 days consecutively. Mice from control group were administered intragastrically with 0.5% Sodium Tvlose. Mice from positive group were given intraperitoneally with DXM at 2.5 mg/kg once 1 h prior to dimethylbenzene administration. One hour after the last drug administration, ear edema was induced by topical application of dimethylbenzene on the right ear of each mouse. The left ear was considered as control. One hour after dimethylbenzene treatment, mice were sacrificed under anesthesia and discs of 6.0 mm diameter were punched out from each ear and weighed. The ear edema was measured by subtracting the weight of the left ear from that of the right.
Assessment of Carrageenan-induced Paw Edema in Rats.
Rats were randomly divided into five groups (n=10): control group, TFA groups (at 
Assessment of Acetic Acid-induced Vascular Permeability in Mice.
Mice grouping and experimental design were the same as above. One hour after the last drug administration, mice were injected intravenously with 0.2 ml of 2% Evans blue. Simultaneously, 0.7% (v/v) acetic acid in saline (10 ml/kg) was injected abdominally. After 30 min, the mice were sacrificed under anesthesia, and then the abdominal cavity of each mouse was rinsed with 5 ml of normal saline solution. The recovered wash solution was centrifuged, and the absorbance of the supernatant was measured at 590 nm on a microplate reader.
Assessment of Cotton Pellet-induced Granuloma in Rats.
A single needle incision was used to implant sterile cotton pellets into both axillae regions in rats under ether anesthesia. Then the rats were randomly divided into the following five groups (n=10) for the treatment once a day for 7 days: control group (0.5% Sodium Tvlose, intragastrically), TFA groups (at doses of 25, 50 and 100 mg/kg, intragastrically), and positive group (2.5 mg/kg DXM, intraperitoneally). On day 8, the cotton pellets surrounded by granuloma tissue were carefully dissected. The wet pellets were weighed and dried at 60℃ to constant weight. The granuloma formation was measured by the increase in dry weight of the pellets.
Cell Culture
The RAW 264.7 murine macrophage cell line was obtained from the China Cell Line Bank (Beijing, China). The cells were grown in DMEM supplemented with 10% heat-inactivated FBS, 100 U/ml penicillin and 100 μg/ml streptomycin sulfate at 37°C in a humidified atmosphere with 5% CO 2 and 95% air.
Cell Viability Assay
Cell viability was determined by MTT assay. RAW 264.7 cells (4×10 5 cells/ml) were plated onto 96-well plates and incubated overnight.
The cells were treated with various concentrations of TFA (0-150 μg/ml, dissolved in 0.1% DMSO) for 24 h. 50 μl of MTT was added to each well, and the cells were incubated for another 4 h at 37°C with 5% CO 2 . MTT was removed, and the cells were lysed with 100 μl/well DMSO.
The optical density (OD) of each well was measured at 570 nm on a microplate reader.
Cytokine Assays
RAW 264.7 cells (4×10 5 cells/ml) were plated onto 96-well plates and treated with 10, 25 and 100 μg/ml of TFA (dissolved in 0.1% DMSO), either with or without 1 μg/ml of LPS for 24 h. Cell-free supernatants were collected and assayed for cytokines. The concentrations of TNF-α, IL-1β, IL-6 and IFN-γ in the cell supernatants were measured using ELISA kits according to the manufacturer's instructions.
Nitrite Measurement
The nitrite that accumulated in the culture medium was measured as an indicator of NO production based on the Griess reaction. RAW 264.7 cells (4×10 5 cells/ml) were plated onto 96-well plates and treated with 10, 25 and 100 μg/ml of TFA (dissolved in 0.1% DMSO), either with or without 1 μg/ml of LPS for 24 h. The cell supernatants were collected and assayed for NO production using Griess reagent. Briefly, the samples were mixed with equal volume of Griess reagent and incubated at room temperature for 15 min. The absorbance was measured at 540 nm on a microplate reader. Nitrite concentration was determined using a sodium nitrite serial dilution standard curve. 
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Results and Discussion
Immunomodulatory 
Anti-inflammatory Effects of TFA in Vivo
Effect of TFA on Dimethylbenzene-induced Ear Edema in Mice. Edema is a typical symptom of inflammation not only in systemic inflammation, but also in local inflammation . The dimethylbenzene-induced ear edema in mice is a preliminary and widely used model for screening potential anti-inflammatory drugs (He et al., 2013) . Topical application of dimethylbenzene significantly elicited an inflammatory response in mice, in this process of inflammation, vasodilatation brings about plasma extravasations and inflammatory mediator releases, which trigger the acute inflammation response (Eddouks et al., 2012) , as judged by edema formation determined by the increase in the weight of the ear. As shown in Table 2 , topical application of dimethylbenzene markedly elicited an inflammatory response in mice as judged by ear edema formation (p<0.01). However, compared with the dimethylbenzene-induced control group, TFA at 50 and 100 mg/kg significantly inhibited ear edema (p<0.05 or 0.01). DXM also significantly inhibited dimethylbenzene-induced ear edema in mice (p<0.01). The inhibition of ear edema indicated that TFA attenuated vasodilatations and plasma extravasations of neurogenic inflammation, which are crucial in controlling the early stage of acute inflammation.
Effect of TFA on Carrageenan-induced Paw Edema in Rats.
The carrageen-induced paw edema is acute, well researched and highly reproducible model, and has been commonly employed to assess the anti-edematous effect of natural products (Kang et al., 2010) . To estimate the effect of TFA on acute inflammation, we also used carrageenan-induced rat paw edema as an assay to reflect edema that occurs during the early stages of acute inflammation (Matsuda and Tanihata, 1992) . As shown in Table 2 , the rat paw edema obviously increased after carrageenan ., 2012) . Thus, the vascular permeability test was carried out to further demonstrate the anti-inflammatory effects of TFA, which exhibited significant inhibitory effects on the increased vascular permeability induced by acetic acid in mice. The vascular permeability was represented by the amount of Evans blue extruded into abdominal cavity, which was measured by the OD value of the supernatant. As shown in Table 2 , compared with the acetic acid-induced control group, TFA at 50 and 100 mg/kg exhibited significant inhibitory effect on the increased vascular permeability induced by acetic acid in mice in a dose-dependent manner (p<0.05 or 0.01). DXM also significantly inhibited acetic acid-induced vascular permeability in mice (p<0.01). This result consolidates that the anti-inflammatory effect of TFA in the acute phase of inflammation associates with prevention of vasodilation and may be mediated by inhibiting the releases of inflammatory mediators.
Effect of TFA on Cotton Pellet-induced Granuloma in Rats.
Granulomatous inflammation is a focal chronic inflammatory response to tissue injury evoked by a poorly soluble substance characterized by the accumulation and proliferation of leukocytes, principally of the mononuclear type (Hirsh and Johnson, 1984) . The induction of granuloma formation by inserting cotton pellet subcutaneously into a rat is widely used to assess the effect of anti-inflammatory drugs on the transudative and proliferative phases of chronic inflammation (Eddouks et al., 2012; Swingle and Shideman, 1972) . The weight of granulation is an index of granuloma formation, which is used to evaluate the chronic inflammation. As shown in Table 2 , cotton pellet induced granuloma formation in the cotton pellet-induced control group, TFA at 25, 50 and 100 mg/kg inhibited granuloma formation surrounding cotton pellets compared with the cotton pellet-induced control group in a dose-dependent manner (p<0.05 or 0.01). DXM also significantly inhibited cotton pellet-induced granuloma in rats (p<0.01).
Effect of TFA on Cell Viability
The potential cytotoxicity of TFA on RAW 264.7 macrophages was evaluated by the MTT assay after incubating cells for 24 h in the absence or presence of LPS ( Figure 2 ). The result showed that TFA at concentrations from 0 to 100 μg/ml had no cytotoxic effect on RAW 264.7 cells.
However, the viability of the cells was significantly reduced when 150 μg/ml of TFA was used (p<0.01). With this result, the concentrations of TFA applied never exceeded 100 μg/ml for subsequent experimentation. immunomodulation, and has been used for assessing the immunomodulatory activity of tested sample (Hu et al., 2008) . In this study, we examined the effect of TFA on the production of cytokines in RAW 264.7 macrophages. TFA at a concentration of 10, 25 and 100 μg/ml significantly induced the secretion of TNF-α ( Figure 3A) , IL-1β ( Figure 3B ), IL-6 ( Figure 3C ) and IFN-γ ( Figure 3D ) compared with that in control group (p<0.05 or 0.01). The results showed that a dose range at which TFA was not cytotoxic and induced the secretion of cytokines (TNF-α, IL-1β, IL-6 and IFN-γ) in normal/un-stimulated macrophages, positively modulated RAW 264.7 macrophage function, and exhibited the immunomodulatory activity in the innate immunity.
Effects of TFA on Cytokine Production in
The release of inflammatory cytokines is essential for host survival from infection, and is also required for the repair of tissue injury.
However, large amounts of macrophage-derived cytokines can also cause collateral damage to normal cells and are potentially lethal when the release is sufficient to cause systemic exposure (Glauser et al., 1996) . They are also considered to be important initiators of the inflammatory response and mediators of the development of various inflammatory diseases (Glauser et al., 1996; Männel et al., 2000) . To determine the in vitro anti-inflammatory effect of TFA, the levels of inflammatory cytokines TNF-α, IL-1β, IL-6 and IFN-γ in the supernatants of LPS-stimulated RAW264.7 cells were determined. Stimulation of RAW 264.7 cells with LPS resulted in significant increases in cytokine production as compared to that in control group (p<0.01, Figure 4) , and TFA at 10, 25 and 100 μg/ml significantly inhibited cytokine TNF-α ( Figure 4A ), IL-1β ( Figure 4B ), IL-6 ( Figure 4C ) and IFN-γ ( Figure 4D ) production as compared to that of LPS-stimulated RAW 264. Therefore, the production of regulating NO will be useful for the amelioration of immune and inflammatory diseases. In the present study, we found a dose range at which TFA was not cytotoxic and induced the production of mediator NO in un-stimulated RAW 264.7 macrophages, NO production was significantly induced at a concentration of 10, 25 and 100 μg/ml of TFA compared with that in control group (p<0.05) ( Figure 5 ).
However, TFA at 25 and 100 μg/ml significantly inhibited the overproduction of NO as compared to the LPS group in a dose-dependent manner (p<0.05) ( Figure 6 ). It demonstrates that TFA may partially exert its immunomodulatory and anti-inflammatory activities through the dual-directional modulation on the secretion of inflammatory mediator NO in RAW 264.7 macrophages.
Conclusions
In conclusion, the present study showed that TFA isolated from Astragali Radix has significant immunostimulatory and anti-inflammatory effects in vivo and in vitro, which depends on its ability to enhance immune organ index, macrophage phagocytic index, delayed type hypersensitivity, serum hemolysin level in mice, attenuate ear edema in mice, paw edema in rats, vascular permeability in mice and granuloma formation in rats, and regulate the production of TNF-α, IL-1β, IL-6, IFN-γ and NO in RAW 264.7 macrophages. It suggests collaboration between immunostimulatory and an-inflammatory effects of TFA may contribute to the best possible immune response, which can be the integrated action mode for various medicinal efficacies of TFA. This study provides scientific support for the use of Astragali Radix as an oriental prescription for the amelioration of immune and inflammatory diseases. Future studies on the molecular mechanisms through which TFA exerts these effects are in progress. 
